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Nobody likes to have limits put on their freedom. However, in all areas of life, there is recognition that 
such limits can be useful, not least because they prevent one man’s private freedoms from imposing 
unacceptable costs on others. Drivers consent to traffic laws and speed limits that constrain their 
behaviour, because the inconvenience of having to slow down is an acceptable price to pay if it 
reduces the number of pedestrians killed and injured. 
How is this relevant to biofuels? There are many different kinds of biofuels, including some with 
considerable potential to generate cleaner energy and boost rural economies, but also others which 
under some conditions pose an unacceptable risk of causing harm [1]. The positive and negative 
effects of biofuels depend not only on what feedstock is used, but also on how that feedstock is 
produced, how (if at all) it affects land-use change, and to what extent its production is scaled up. For 
biofuels to deliver on their promise of contributing to a better society, they need to be encouraged 
within sensible limits, and with effective safeguards.  
According to a recent commentary in this journal, “ethanol is by definition sustainable” [2]. One might 
as well say that crossing a road is by definition safe. It might be safe if the correct institutions (speed 
limits and traffic lights) are in place and functioning as intended, but it could be very unsafe if not. 
Control of land-use change associated with biofuel production in many countries today resembles 
control of traffic in an anarchic state: even where there are traffic laws, they are rarely observed. As a 
result, biofuels are getting a bad press, in particular where inadequate or incompetent land-use 
planning has allowed large-scale replacement of habitats such as tropical forests. 
Deforestation is nothing new, and biofuel crops are far from being the main culprit: other sectors, 
notably food crops, livestock and logging, have accounted for larger areas being cleared in the past 
[3]. However, the spotlight that has been placed on biofuels is warranted, for four reasons. The first is 
that if the greenhouse gas savings from replacing fossil fuels with biofuels are too often reversed by 
land-use change emissions, one of the main justifications for producing biofuels is fatally undermined 
[4]. The same argument carries less weight in relation to food crops. Analysis of lifecycle emissions is 
complicated and controversial, but defining system boundaries to exclude land-use change would be 
like excluding traffic from an analysis of how safe it is cross the road. 
The second reason is that demand elasticity for crop-based biofuels is greater than that for staple 
foods, so production of biofuel crops could grow much more rapidly than that of food crops unless 
appropriate limits are imposed. Most increases in crop production now are coming from increases in 
land-use efficiency rather than land-use expansion [5]. Nevertheless, habitat destruction caused by 
expansion of food and feed crops (as well as water pollution from fertiliser run-off, and abstraction of 
water from dwindling aquifers) continues to cause serious environmental problems [6]. Unless it is 
properly planned for, and at present it is not, biofuel crop expansion will add further to those 
problems. 
The third reason biofuels are different is that new technologies are opening up a wide new range of 
potential feedstock crops, many of which are likely to become costly invasive species [7,8]. The 
development of cellulosic and algal biofuels is likely to encourage an increased rate of introduction of 
alien species around the world. The traits that make these species desirable biofuel feedstocks (e.g., 
rapid growth rates and competitive ability, wide tolerances, abundant seed production, resistance to 
pests and diseases) are also traits that predispose them to becoming invasive [14]. A “polluter-pays” 
approach, requiring those who introduce invasive species to pay for any future control costs, is one 
mechanism for assigning responsibility, whether plants have been introduced as biofuel feedstocks or 
for other purposes [9]. 
The fourth reason to focus on biofuels is one of opportunity. Reforming food production is necessary, 
but can happen only slowly and reactively in the face of entrenched special interests. Production of 
biofuel crops (particularly cellulosic crops and algae) is newer, and there is more scope for proactive 
measures to solve problems before they become too serious to ignore. The contradiction of having 
one set of rules for a crop grown for biofuel, and another for exactly the same crop grown for human 
consumption, should be used as an argument for improving land-use planning and standards across 
the entire agricultural sector, not to weaken biofuels standards. 
One measure which has been suggested would be a system of “traffic lights” to support strategic 
land-use planning [15]. This would involve mapping “red” zones, where biofuel and other crops would 
not be appropriate (e.g., areas with high carbon stocks or concentrations of threatened or endemic 
biodiversity) and “orange” zones, where they might be. “Green” areas could then be identified within 
the orange zones, using Strategic Environmental Assessment and – for commercial-scale projects – 
site-based Environmental and Social Impact Assessments. 
Such an approach would minimise uncertainty for investors and agriculturalists by keeping biofuels 
out of places where they would be most likely to cause damage (and provoke controversy), and would 
help to provide some assurance of genuine environmental benefits for citizens and governments. It 
would help those involved in the development of new biofuels industries – be they researchers, civil 
servants or farmers – to know that their work was contributing to a solution rather than a problem. It 
would disappoint some of the more optimistic (but unrealistic) expectations regarding expansion of 
crop-based biofuels, but it would also help to encourage innovation in a more productive direction: 
towards technologies and feedstocks that demand little or no land, and which minimise other 
environmental externalities. Some exciting possibilities already exist, particularly technologies which 
integrate biofuel production with waste disposal and remediation [10,11]. 
Voluntary certification schemes have an important role to play, especially because many governments 
have been unable or unwilling to provide leadership. There is a plethora of different organisations, 
roundtables and partnerships, each working on a different subset of the issues [e.g., 16,17]. This 
fragmented approach has probably been useful in allowing a wide range of solutions to be explored, 
but there is a need for global co-ordination. In the long run, a convergence of standards, implemented 
in the spirit of continuous improvement will be in everyone’s best interest. Such standards will need to 
deliver on several key fundamentals if they are to avoid becoming mired in accusations of greenwash: 
transparency; fair governance structures in which environmental, social and commercial interests are 
given equal weight; ability to address risks from specific crops in specific places as well as 
overarching principles; and independent and robust implementation, auditing and enforcement [12]. In 
the short term, the various voluntary schemes are useful in blazing the trail towards what should 
eventually become the industry standard. 
Countries and companies that spot this trend early will be at an advantage. Those that fail to do so 
are liable to face increasing problems finding finance, as investors and banks pay more attention to 
reputational risk, and finding markets, as consumer lobby groups demand greater transparency about 
where and how products are produced. As Hatcher [13] notes, “losing the trust of stakeholders can be 
fatal”. Nobody wants algae or cellulosic biofuels to take over from palm oil as a poster-child for habitat 
loss and deforestation. If that unwelcome scenario is to be avoided, some serious thinking about how 
to design sensible safeguards and limits within which these new feedstocks can be developed is 
needed sooner rather than later. 
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